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(57) ABSTRACT

The present invention aims to quickly charge a non-aqueous
clectrolyte secondary battery including a heat-resistant layer
between a negative electrode and a positive electrode. A
method according to the present invention for charging a
non-aqueous electrolyte secondary battery including a heat-
resistant layer between a negative electrode and a positive
clectrode 1s provided with a step of performing pulse charge
on the secondary battery, a step of detecting a change amount
of a cell voltage associated with a change 1n the concentration
polarization of the non-aqueous electrolyte as a polarization
voltage, and a step of terminating the pulse charge when the
polarization voltage increases to or above a predetermined
threshold value. According to the present invention, 1t 15 pos-
sible to quickly charge the non-aqueous electrolyte secondary
battery including the heat-resistant layer between the nega-
tive electrode and the positive electrode at such a borderline

level as not to cause overcharge.
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FIG.3
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FIG.7
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NON-AQUEOUS ELECTROLYTE
SECONDARY BATTERY CHARGING
METHOD, ELECTRONIC DEVICE, BATTERY
PACK, AND CHARGING DEVICE

RELATED APPLICATIONS

This application 1s the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2007/073865,
filed on Dec. 11, 2007, which 1n turn claims the benefit of
Japanese Application No. 2006-349461, filed on Dec. 26,
2006, the disclosures of which Applications are incorporated
by reference herein.

FIELD OF TECHNOLOGY

The present invention relates to a non-aqueous electrolyte
secondary battery charging method, an electronic device, a
battery pack and a charging device.

BACKGROUND TECHNOLOGY

A non-aqueous electrolyte secondary battery including a
porous protection film arranged between a negative electrode
and a positive electrode and containing resin binders and
morganic oxide fillers 1s disclosed, for example, 1n patent
literature 1. According to such a structure, the occurrence of
an 1nternal short circuit 1s suppressed even 1f an active mate-
rial peeled off from the electrode or swartf 1n a cutting process
attaches to the electrode surface at the time of manufacturing.

It 1s known as a deterioration mechanism of a non-aqueous
clectrolyte secondary battery that a positive electrode active
material of the secondary battery 1s eluted and precipitates on
the negative electrode to form an msulting coating 1n the case
of overcharge. It 1s also known as another deterioration
mechanism that, when a non-aqueous electrolyte secondary
battery 1s overcharged, concentration polarization in which
the concentration of lithium 1ons dissolved i an electrolyte
becomes lower at a positive electrode side while becoming
higher at a negative electrode side occurs and lithium, which
can no longer enter the negative electrode, precipitates on a
negative electrode surface 1n the form of metallic lithium.
Patent Literature 1:

Publication of Japanese Patent No. 3371301

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a charging
method capable of reducing the deterioration of a non-aque-
ous electrolyte secondary battery, an electronic device, a bat-
tery pack and a charging device.

A non-aqueous eclectrolyte secondary battery charging
method according to one aspect of the present invention com-
prises a pulse charging step of performing pulse charge by
applying a pulse to a secondary battery mcluding a heat-
resistant layer between a negative electrode and a positive
clectrode; a polarization detecting step of detecting a change
amount of a cell voltage associated with a change i the
concentration polarization of a non-aqueous electrolyte as a
polarization voltage after the cell voltage 1s changed due to a
voltage drop caused by an internal resistance of the secondary
battery when a charge current tlowing in the secondary bat-
tery changes due to a change in an applied state of the pulse;
and a deterioration detecting step of terminating the pulse
charge 11 the polarization voltage detected 1n the polarization
detecting step increases to or above a predetermined first

threshold value.
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2

An electronic device according to one aspect of the present
invention comprises a battery pack including a secondary
battery having a heat-resistant layer between a positive elec-
trode and a negative electrode; a charging device including a
charge current supplying section and a charge controlling
section for charging the secondary battery; and a load device
to be driven by the secondary battery, wherein the battery
pack includes a voltage detecting section for detecting a cell
voltage of the secondary battery and a transmitting section for
transmitting a detection result of the voltage detecting section
to the charging device; the charging device includes a receiv-
ing section for recerving the cell voltage from the transmitting
section; and the charge controlling section includes a pulse
charging section for performing pulse charge by applying a
pulse to the secondary battery by means of the charge current
supplying section, a polarization detecting section for caus-
ing the recerving section to receive the cell voltage detected
by the voltage detecting section and detecting a change
amount of the cell voltage recerved by the recerving section
associated with a change 1n concentration polarization of a
non-aqueous electrolyte as a polarization voltage after the cell
voltage recetved by the recerving section 1s changed due to a
voltage drop caused by an internal resistance of the secondary
battery when a charge current flowing 1n the secondary bat-
tery changes as an applied state of the pulse changes, and a
deterioration detecting section for terminating the pulse
charge by the pulse charging section 1f the polarization volt-
age detected by the polarization detecting section increases to
or above a predetermined first threshold value.

A battery pack according to one aspect of the present
invention comprises a non-aqueous electrolyte secondary
battery including a heat-resistant layer between a positive
clectrode and a negative electrode; a voltage detecting section
for detecting a cell voltage of the secondary battery; a switch-
ing element for switching a charge current from an externally
connected charging device, thereby applying a pulse to the
secondary battery to perform pulse charge; a polarization
detecting section for detecting a change amount of the cell
voltage associated with a change 1n concentration polariza-
tion of the non-aqueous electrolyte as a polarization voltage
based on the cell voltage detected by the voltage detecting
section after the cell voltage 1s changed due to a voltage drop
caused by an internal resistance of the secondary battery
when a charge current tflowing in the secondary battery
changes as an applied state of the pulse changes; and a dete-
rioration detecting section for stopping the switching of the
switching element to terminate the pulse charge 11 the polar-
1zation voltage detected by the polarization detecting section
increases to or above a predetermined first threshold value.

A charging device according to one aspect of the present
invention comprises a charge current supplying section for
charging a battery pack including a non-aqueous electrolyte
secondary battery having a heat-resistant layer between a
negative electrode and a positive electrode; a charge control-
ling section for controlling the charge current supplying sec-
tion; and a voltage detecting section for detecting a terminal
voltage of the battery pack, the charge controlling section
including a pulse charging section for performing pulse
charge by applying a pulse to the secondary battery by means
of the charge current supplying section, a polarization detect-
ing section for detecting a voltage change amount associated
with a change in concentration polarization of the non-aque-
ous clectrolyte as a polarization voltage based on the cell
voltage detected by the voltage detecting section aifter the cell
voltage 1s changed due to a voltage drop caused by an internal
resistance ol the secondary battery when a charge current
flowing 1n the secondary battery changes as an applied state of
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the pulse changes, and a deterioration detecting section for
terminating the pulse charge by the pulse charging section 1
the polarization voltage detected by the polarization detecting,
section 1ncreases to or above a predetermined first threshold
value.

According to these charging method, electronic device,
battery pack and charging device, the non-aqueous electro-
lyte secondary battery including the heat-resistant layer
between the negative electrode and the positive electrode 1s
used. The mventor of the present application found out that
deterioration of the secondary battery caused by the forma-
tion of an wsulating coating through the precipitation of a
positive electrode active material on the negative electrode
could be reduced since the movement of the positive electrode
active material eluted from the positive electrode to the nega-
tive electrode 1s hindered by the heat-resistant layer by pro-
viding the heat-resistant layer between the negative electrode
and the positive electrode of the non-aqueous electrolyte sec-
ondary battery.

Thus, even 1n the case of quickly charging the non-aqueous
clectrolyte secondary battery with a high current of, e.g. 10 C
(1 C 1s a current value at which a remaiming amount of a
secondary battery 1s 0 when the rating capacity of the second-
ary battery 1s discharged at a constant current for 1 hour), the
movement of the positive electrode active material to the
negative electrode associated with quick charge 1s hindered
by the heat-resistant layer. Therefore, 1t becomes easy to
shorten a charging time by increasing a charge current while
the deterioration of the non-aqueous electrolyte secondary
battery 1s suppressed.

As for deterioration caused by the precipitation of lithium
ions, which cannot enter the negative electrode, on the surface
of the negative electrode at a negative electrode side where
concentration 1s increased by concentration polarization, 1t 1s
possible to suppress the precipitation of the positive electrode
active material on the negative electrode and reduce the dete-
rioration of the secondary battery by monitoring a degree of
such concentration polarization and terminating the charge
betfore the precipitation of the positive electrode material on
the negative electrode progresses when a certain degree or
more of the concentration polarization 1s detected.

Since the concentration polarization itsellf cannot be
directly detected, the change amount of the cell voltage asso-
ciated with the change of the concentration polarization 1s
detected as the polarization voltage and a degree of the con-
centration polarization 1s indirectly judged using the polar-
ization voltage. Accordingly, pulse charge 1s performed and
the degree of the concentration polarization 1s judged from
the change of the cell voltage at the time of starting or com-
pleting pulse application, 1.e. from the change of the cell
voltage when the applied state of the pulse changes.

Specifically, after the cell voltage suddenly increases up to
a voltage determined by a charge current and an internal
resistance upon the application of a charge pulse to the sec-
ondary battery, the cell voltage 1s maintained at this voltage 1f
there 1s no concentration polarization. However, 11 the con-
centration polarization progresses, the concentration of the
clectrolyte at the negative electrode side increases due to
lithium 10ns having migrated to the negative electrode side,
and the resistance value of the electrolyte increases to
increase the cell voltage.

On the other hand, at the time of completing the application
of the charge pulse to the secondary battery, after the cell
voltage suddenly decreases by a voltage equivalent to a volt-
age drop when the charge current flows through the internal
resistance, the cell voltage 1s maintained at this voltage 11 the
concentration polarization was mitially absent. However, if
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4

the concentration polarization was present, lithium 1ons hav-
ing migrated to the negative electrode side are diffused to
decrease the concentration of the electrolyte at the negative
clectrode side and the resistance value of the electrolyte
decreases to reduce the cell voltage as the concentration
polarization is eliminated. Accordingly, the change amount of
the cell voltage associated with the change of the concentra-
tion polarization such as the progress, elimination or the like
of the concentration polarization 1s detected as the polariza-
tion voltage, and the pulse charge 1s terminated when the
polarization voltage increases to or above the predetermined
first threshold value.

Thus, the deterioration of the secondary battery caused by
the precipitation of the positive electrode active material on
the negative electrode by the concentration polarization can
be reduced. Further, even 1f the concentration polarization
occurs upon quickly charging the non-aqueous electrolyte
secondary battery with a high current, the charge 1s termi-
nated before the concentration polarization progresses to a
certain degree or more. Therefore, a possibility of the precipi-
tation of the positive electrode active material on the negative
clectrode 1s reduced, with the result that it becomes easy to
quickly charge the non-aqueous electrolyte secondary battery
at such a borderline level as not to cause overcharge.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an electrical construc-
tion of an electronic device according to a first embodiment of
the invention,

FIG. 2 are diagrams showing a deterioration mechanism
caused by concentration polarization of a non-aqueous elec-
trolyte,

FIG. 3 1s a graph showing a relationship between the
lithium 1on concentration and electrical conductivity of the
non-aqueous electrolyte,

FIG. 4 1s a waveform chart showing an experimental result
by the inventor of the present application,

FIG. § are graphs enlargedly showing a voltage waveform
of one pulse of a pulse wavetorm shown 1n FIG. 4,

FIG. 6 1s a flow chart showing a charging operation accord-
ing to the first embodiment of the invention,

FI1G. 7 1s a flow chart showing a charging operation accord-
ing to a second embodiment of the mvention,

FI1G. 8 1s a flow chart showing a charging operation accord-
ing to a third embodiment of the invention,

FIG. 9 1s a block diagram showing an electrical construc-
tion of an electronic device according to a fourth embodiment
of the invention, and

FIG. 10 1s a block diagram showing an electrical construc-
tion of an electronic device according to a fifth embodiment
of the ivention.

BEST MODES FOR EMBODYING TH
INVENTION

L1l

|First Embodiment]

FIG. 1 1s a block diagram showing an electrical construc-
tion of an electronic device according to a first embodiment of
the present invention. This electronic device 1s provided with
a battery pack 1, a charging device 2 for charging the battery
pack 1 and a load device 3. Although the battery pack 1 1s
charged by the charging device 2 1n FI1G. 1, 1t may be installed
in the load device 3 and charged via the load device 3. The
battery pack 1 and the charging device 2 are connected with
cach other via DC high side terminals 111, T21 for power
teeding, communication signal terminals 112,122 and GND
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terminals 113, 123 for power feeding and communication
signals. In the case of charging via the load device 3, similar
terminals are provided.

In the battery pack 1, FETs 12, 13 with different conductive
types for charge and for discharge are provided 1n a DC high
side charge/discharge path 11 extending from the terminal
T11. This charge/discharge path 11 1s connected with a high
side terminal of a secondary battery 14. A low side terminal of
the secondary battery 14 1s connected with the GND terminal
113 via a DC low side charge/discharge path 15. A current
detecting resistor 16 for converting a charge current and a
discharge current into voltage values 1s provided in this
charge/discharge path 15.

The secondary battery 14 1s such that one or more cells are
connected 1n series parallel (four cells arranged with one 1n
cach stage are connected 1n series 1n an example of FIG. 1).
The temperatures of the cells are detected by a temperature
sensor 17 (temperature detecting section) and inputted to an
analog-to-digital converter 19 in a control IC 18. Inter-termi-
nal voltages of the respective cells are detected by a voltage
detecting circuit 20 (voltage detecting section) and nputted
to the analog-to-digital converter 19 1n the control I1C 18. A
current value detected by the current detecting resistor 16 1s
also 1inputted to the analog-to-digital converter 19 in the con-
trol IC 18. The analog-to-digital converter 19 converts the
respective input values mto digital values and outputs them to
a charge controlling/judging section 21.

The charge controlling/judging section 21 includes a
microcomputer, 1ts peripheral circuits and the like. The
charge controlling/judging section 21 computes an SOC
(state of charge) 1n response to the respective mput values
from the analog-to-digital converter 19 and transmits the
voltages, temperatures and presence or absence of abnormal-
ity of the respective cells from a communicating section 22
(transmitting section) to the charging device 22 via the ter-
minals T12, T22; T13, 123. The charge controlling/judging,
section 21 turns the FETS 12, 13 on to enable charge or
discharge when charge or discharge 1s normally carried out
while turming the FETs 12, 13 off to prohibit charge or dis-
charge when abnormality 1s detected.

In the charging device 2, the cell voltages (terminal volt-
ages of the cells), the temperatures and the presence or
absence of abnormality transmitted from the communicating
section 22 are recerved by a communicating section 32 (re-
ceiving section) of a control IC 30. A charge controlling
section 31 controls a charge current supply circuit 33 to
supply a charge current to the battery pack 1. The charge
current supply circuit 33 includes an AC-to-DC converter, a
DC-to-DC converter and the like, coverts an iput voltage
into a voltage value, a current value and a pulse width deter-
mined beforehand and supplies them to the charge/discharge
paths 11, 15 via the terminals 121, T11; T23, T13.

The charge controlling section 31 1s constructed, for
example, by using a microcomputer. The charge controlling
section 31 functions as a pulse charging section, a polariza-
tion detecting section, a deterioration detecting section and a
pulse changing section by implementing a specified control
program.

In the electronic device constructed as described above,
cach of the secondary battery 14 1s a non-aqueous electrolyte
secondary battery including a heat-resistant layer arranged
between a negative electrode and a positive electrode and
made of a porous projection film containing resin binders and
inorganic oxide fillers. The mnorganic oxide fillers are selected
from alumina powder or S10, powder (silica) whose particle
diameter lies in the range of 0.1 um to 50 um. Further, the
thickness of the porous protection film 1s set to 0.1 um to 200
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um. The porous protection film 1s formed by applying fine-
particle slurry containing resin binders and inorganic oxide
fillers to at least one of the surfaces of the negative electrode
and the positive electrode.

Here, 1n the case of a normal lithium 10on secondary battery
including no heat-resistant layer made of such a porous pro-
tection film, lithium can no longer enter a negative electrode
to cause deterioration 1 the secondary battery 1s overcharged
such that the SOC exceeds 120%. Even with the SOC equal to
or below 100%, 1f charging 1s performed at an excessively
high voltage and a positive electrode 1s exposed to high volt-
age, metal 1s eluted from a positive electrode active material
and precipitates on the negative electrode to form such an
insulating coating copolymerized with components of an
clectrolyte and components of an interface of the negative
clectrode and this coating 1s a highly resistant coating and
causes deterioration.

In contrast, in the case of a non-aqueous electrolyte sec-
ondary battery including a heat-resistant layer made of the
above porous protection film, 1t was found out by an experi-
ment of the inventor of the present application that not only
the occurrence of the above internal short circuit can be
suppressed, but also there 1s high resistance to overcharge and
unprecedented quick charging 1s possible. In other words, in
the non-aqueous electrolyte secondary battery, deterioration
by overcharge 1s caused by a mechanism 1n which the positive
clectrode active material 1s eluted and precipitates on the
negative electrode to form the 1nsulating coating. The 1nven-
tor of the present application and his colleagues found out that
the eluted positive electrode active material 1s blocked by the
porous protection film to suppress the deterioration of the
non-aqueous electrolyte secondary battery by employing the
above structure.

In the case of the non-aqueous electrolyte secondary bat-
tery including the heat-resistant layer made of such a porous
protection film, even i1 charge 1s performed, for example, at
4.5 V which 1s a voltage exceeding 4.2 V and 4.25 V as
standard charge voltages or even 1f charge 1s performed at a
current value of, for example, 10 C or 20 C, which 1s a current
value exceeding 1 C as a standard charge current of lithium
ion secondary batteries (1 C 1s a current value at which a
remaining amount 1s 0 when the rating capacity of a second-
ary battery 1s discharged at a constant current for 1 hour),
metal precipitation on the negative electrode and the forma-
tion of the insulating coating can be blocked and suppressed.

Accordingly, in this embodiment, upon quickly charging
the non-aqueous electrolyte secondary battery 14 including
such a heat-resistant layer at such a borderline level as not to
cause overcharge, what should be noted 1s that the charge
controlling/judging section 31 of the charging device 2 causes
the charge current supply circuit 30 to perform pulse charge
by cyclically outputting a current pulse (charge pulse) of, for
example, a high current of 50 A which 1s 20 C for a rating
capacity of 2.5 Ah. At this time, since the terminal voltage of
the non-aqueous electrolyte secondary battery 14 1s permitted
to be a high voltage of, e.g. 4.5V per cell (since the secondary
battery 14 1s comprised of the four cells connected in series in
the example of FIG. 1, the charging device 2 outputs 18 V).

The charge controlling/judging section 31 receives the
respective cell voltages read by the voltage detecting circuit
20 by means of the commumicating sections 22, 32 and stops
the charge at such a level as not to cause overcharge.

This 1s because, upon charging with high voltage/high
current as described above, deterioration caused by metal
precipitation and formation of the mnsulating coating 1s sup-
pressed 1n the non-aqueous electrolyte secondary battery 14
including the above heat-resistant layer and, hence, 1t 1s sui-
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ficient to monitor only deterioration caused by concentration
polarization of the non-aqueous electrolyte. The charge con-
trolling/judging section 31 judges a deterioration level by the
concentration polarization from the respective cell voltages
detected by the voltage detecting circuit 20 and terminates the
supply of a charge current before the deterioration reaches a
specified level.

FIGS. 2A, 2B and 2C are diagrams showing the deteriora-
tion mechanism caused by the concentration polarization. In
a state before charging, the concentration of lithium 1ons
cluted 1n an electrolyte 1s uniform as shown 1n FIG. 2A. If
quick charge 1s performed with at least one of high voltage
and high current as described above with this uniform con-
centration set as an optimal concentration when a secondary
battery 1s new, lithtum 10ons quickly migrate from a positive
clectrode side (+) toward a negative electrode side (-). Then,
the concentration of lithium 1ons becomes lower at the posi-
tive electrode side (+) and becomes higher at the negative
clectrode side (-) as shown 1n FIG. 2B. When quick charge 1s
turther continued, metal lithium, which can no longer enter
the negative electrode at the negative electrode side (—) where
the concentration of lithium 1ons increased, precipitates on
the surface as shown 1n FIG. 2C.

On the other hand, the electrical conductivity of the elec-
trolyte 1s highest when lithtum 1on concentration 1s proper as
shown 1n FIG. 3. The electrical conductivity of the electrolyte
decreases if the lithium 10n concentration becomes higher or
lower than the proper concentration. In other words, the resis-
tance of the electrolyte increases 11 the lithium 10n concentra-
tion becomes higher or lower. Thus, 11 concentration polar-
1zation progresses, charging capacity decreases even if the
same charge voltage 1s applied and deterioration progresses.

FIG. 4 1s an example of a wavelorm chart showing an
experimental result by the inventor of the present application.
FIG. 4 shows changes 1n the cell voltage and the charge
current 1n the case of performing pulse charge with a high
voltage of 4.5V and a high current of 50 A per cell until the
SOC reaches 80% from 20%, wherein the cycle of the pulse
(charge pulse) 1s 10 sec and the duty thereot 1s 10%.

FIG. SA 1s a graph enlargedly showing a voltage waveform
of the pulse shown 1n FIG. 4. As shown in FIG. 5A, 1f a pulse
voltage of 4.5V 1s applied to the cell having, for example, a
terminal voltage (cell voltage) of 3.7 V, the cell voltage first
suddenly increases by a voltage V1 corresponding to a volt-
age drop caused by the internal resistance of the cell produced
by the flow of the charge current 1n the cell. Thereafter, this
voltage V1, e.g. 4.35V 1s maintained 11 there 1s no concen-
tration polarization or the SOC 1s small.

On the other hand, as the SOC 1ncreases to a certain degree
and the concentration polarization progresses, the concentra-
tion of the electrolyte at the negative electrode side increases
by lithium 10ns having migrated to the negative electrode side
and the resistance of the electrolyte, 1.e. the mnner resistance of
the cell increases. According to an increase 1n the resistance
value of the electrolyte associated with the progress of the
concentration polarization, the cell voltage moderately
increases by a voltage V2 (polarization voltage) as shown 1n
FIG. SA.

In contrast, at the time of completing pulse application (at
a falling edge timing of the pulse), the charge current flowing
in the cell becomes substantially zero, whereby the cell volt-
age suddenly drops by a voltage V3 corresponding to a volt-
age drop caused by the internal resistance of the cell. The
voltage reached upon a sudden drop by the voltage V3,1.e.3.7
V as the cell voltage 1n the above 1n1tial state 1s maintained as
the cell voltage 11 there 1s no concentration polarization or the
SOC 1s small at the time of starting pulse application.
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On the other hand, if the SOC 1s large to a certain degree
and there 1s concentration polarization, aiter the sudden drop
by the voltage V3, lithium 1ons having migrated to the nega-
tive electrode side are diffused to reduce the concentration of
the electrolyte at the negative electrode side and moderately
decrease the resistance of the electrolyte as the concentration
polarization 1s eliminated. According to a decrease 1n the
resistance value of the electrolyte associated with this elimi-
nation of the concentration polarization, the cell voltage mod-
crately decreases by a voltage V4 (polarization voltage).
Accordingly, 1n this embodiment, a degree of change of the
cell voltage associated with the concentration polarization 1s
determined as described below and the charge 1s terminated
when the change of the cell voltage increases to or above a
specified threshold value.

Although the above voltage V2 may be used as a polariza-
tion voltage, the voltage V2 includes an increase of an OCV
(open circuit voltage) caused by the charge of each cell since
being detected 1n a state where the charge pulse 1s applied.
Thus, an error occurs. On the other hand, at the time of
completing pulse application, hardly any currents flow 1n the
charge/discharge paths 11, 15. Therefore, the voltage
detected by the voltage detecting circuit 20 does not include a
change of the OCYV caused by the charge or discharge of each
cell.

Accordingly, by obtaining the voltage V4 as a difference
between the cell voltage detected by the voltage detecting
circuit 20 and the cell voltage reached upon entering a steady
state as a result of a gradual drop as the polarization voltage at
the time of completing pulse application, accuracy in detect-
ing the polarization voltage can be more improved than 1n the
case where the voltage V2 i1s obtained as the polarization
voltage.

However, 11 the pulse cycle 1s short or the duty 1s large, the
next pulse 1s applied betore the cell voltage reaches the steady
state because of the polarization 1s eliminated, whereby the
cell voltage increases. Thus, the voltage V4 cannot be pre-
cisely detected. Accordingly, the charge controlling section
31 may calculate a polarization voltage V¢ produced with the
concentration polarization by correcting the voltage V2
detected when the pulse rises based on an accumulated
amount of polarization. A degree of concentration polariza-
tion 1s judged based on the thus obtained polarization voltage
V¢ to terminate the charge (pulse application).

I1 the concentration polarization produced by the one pre-
vious charge pulse 1s not completely eliminated at a timing
immediately before the rise of the charge pulse, an accumu-
lated polarization voltage Vca produced by the concentration
polarization remaimng without being eliminated 1s included
in the voltage V1. Then, the voltage V2 has a voltage value
smaller than the original polarization voltage V¢ by the accu-
mulated polarization voltage Vca.

Accordingly, the charge controlling section 31 calculates
the accumulated polarization voltage Vca 1n accordance with

the following equation (1). An enlarged cell voltage wave-
form at the fall of the pulse 1s shown 1n FIG. 5B.

Vea=B—-A-T (1)

In equation (1), a polarization relaxation coeflicient A 1s an
inclination of a regression line obtained from a voltage curve
of the cell voltage gradually decreasing after suddenly
decreasing at the time of completing pulse application (at the
tall). A concentration polarization voltage B (first cell volt-
age) 1s a cell voltage at the time of completing pulse applica-
tion (at a falling timing of the pulse). Time T 1s a period from
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an application completing (falling) timing of the one previous
pulse to an application starting (rising) timing of the pulse this
time.

If the time T1 1s longer than a period from the completion
of the pulse application (fall) to the elimination of the con-
centration polarization, the accumulated polarization voltage
Vcabecomes negative (Vca<0)1n equation (1), wherefore the
accumulated polarization voltage Vca 1s assumed to be zero
(0).

Since the polarization relaxation coetficient A depends on
temperature, the value of the polarization relaxation coetfi-
cient A corresponding to the cell temperature detected by the
temperature sensor 17 1s set by referring to a table or the like.
Further, as the time T becomes longer, the concentration
polarization 1s eliminated and the accumulated polarization
voltage Vca decreases. The polarization relaxation coetlicient
A decreases as temperature increases.

The charge controlling section 31 calculates an actual
polarization voltage V¢ from the voltage V2 (voltage o) and
the accumulated polarization voltage Vca 1n accordance with
the following equation (2).

Ve=V2+Vca (2)

Further, the charge controlling section 31 judges the start of
deterioration caused by polarization and terminates the
charge 11 the polarization voltage V¢ increases to or above a
predetermined threshold value. This threshold value 1s, for
example, set to 0.1 V per cell.

Upon detecting such a polarization voltage V¢, the respec-
tive cell voltages may be sampled, for example, 1n a cycle of
100 msec by the analog-to-digital converter 19 and the volt-
age detecting circuit 20 and voltage detecting accuracy may
be about 10 mV.

TABLE-1 shows measurement results of the polarization
voltage V¢ and a cycle retention rate by changing the pulse
cycle and duty of the charging pattern shown 1n FIG. 4. The
cycle retention rate 1n this case 1s a ratio of retained capacity
after repeating 300 cycles of charge 1n each charging pattern
and discharge at a constant current 1 C (2.5 A) with an mitial
capacity set to 100%.

TABLE 1
PULSE ON  PULSE OFF PULSE PULSE ON POLARIZATION
TIME TIME CYCLE DUTY VOLTAGE Vc
sec sec sec % vV
1 9 10 0 0.06
0.1 0.9 1 10 0.03
3 27 30 10 0.11
5 45 50 10 0.13
10 90 100 [0 0.19
‘ 5 6 17 0.07
3 4 25 0.08
2 3 33 0.09
1 2 50 0.12

As 1s clear from TABLE-1, 1n the case of comparison at the
same duty of 10%, the shorter the pulse cycle, the smaller the
polarization voltage and the higher the cycle retention rate.
Particularly, 1t 1s good i1t the cycle 1s equal to or shorter than 10
sec (pulse ON time of 1 sec). Accordingly, in the case of
changing the duty with the pulse ON time fixed to 1 sec, 1t 1s
understood that cycle deterioration 1s large at a duty of 50%,
but a charging time can be most shortened with a cycle char-
acteristic satisfactorily maintained at a duty of 33%. In the
case of changing the pulse cycle and duty as described above,
it 1s understood that, from the polarization voltage V¢ and the
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cycle retention rate, deterioration caused by polarization
starts when the polarization voltage V¢ 1s equal to or above
0.1V per cell.

From these experimental results, with a capacity of 2.5 Ah
per cell, a maximum value of the charge voltage 1s set to 4.5
V, a maximum value of the charge current to 50 A, a maxi-
mum value of the pulse width to 1 sec, a minimum value of the
cycle to 3 sec, a maximum value of the duty to 33% and a
threshold value of the polarization voltage Vc to 0.1 V per cell
in this embodiment.

FIG. 6 15 a flow chart showing the operation of the elec-
tronic device constructed as described. The charge control-
ling section 31 starts a charging operation upon detecting the
connection of the battery pack 1 via the communicating sec-
tions 32, 22. In other words, the charge controlling section 31
causes the charge current supply circuit 33 to perform pulse
charge by supplying a current pulse having a current value of
50 A to the secondary battery 14 in a cycle of 3 sec and at a
duty of 33%, for example, determined beforehand 1n a range
where a maximum value of a pulse voltage 1s 4.5V in Step S1.

In Step S2, the charge controlling section 31 measures the
voltage V2 produced by the progress of the above concentra-
tion polarization at the time of starting pulse application
(pulse rising timing) and the concentration polarization volt-
age B at the time of completing pulse application (pulse
falling timing). In Step S3, the cell temperature 1s measured
by the temperature sensor 17. In Step S4, the polarization
relaxation coelficient A corresponding to the cell temperature
1s set by the charge controlling section 31.

Based on this, the charge controlling section 31 calculates
the accumulated polarization voltage Vca from equation (1)
in Step S5 and calculates an actual polarization voltage Vc
from equation (2) 1n Step S6 since the time T 1s already known
from the pulse cycle and the pulse duration. In Step S7, the
charge controlling section 31 judges whether or not the cal-
culated actual polarization voltage V¢ 1s equal to or higher

than a predetermined threshold value, e.g. 0.1 V and termi-
nates the pulse charge by the charge current supply circuit 33
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if the actual polarization voltage V¢ 1s equal to or higher than
the predetermined threshold value.

The charge controlling section 31 continues the pulse
charge by the charge current supply circuit 33 by returning to
Step 51 if the polarization voltage V¢ 1s below the threshold
value. Such an operation may be performed in each pulse or in
every several cycles. Further, 1t may not be necessary to
measure the cell temperature and accordingly set the polar-
1zation relaxation coellicient A 1n each pulse, or these mea-
surement and setting may be performed as separate interrupt
processings 1n a longer cycle.
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By employing such a construction, when the non-aqueous
clectrolyte secondary battery 14 including the heat-resistant
layer between the negative electrode and the positive elec-
trode 1s quickly charged at such a borderline level as not to
cause overcharge, the charge 1s performed while a degree of
deterioration caused by the concentration polarization 1is
judged. Therefore, quick charge can be performed with a high
current while the deterioration of the secondary battery
caused by the concentration polarization 1s suppressed.

Further, upon judging the degree of deterioration caused by
the concentration polarization of the non-aqueous electrolyte,
the voltage V2 produced when the cell voltage increases due
to the application of the pulse voltage includes an OCV (open
circuit voltage) change associated with the charge, whereas
no OCYV change 1s included when a sharing voltage decreases
upon completing the application of the pulse voltage. Accord-
ingly, by correcting the concentration polarization voltage B
at this time using the accumulated polarization voltage Vca
calculated using the time T from the end of the previous pulse
application and the polarization relaxation coefficient A, the
actual polarization voltage V¢ can be precisely determined.

[Second Embodiment]

FI1G. 7 1s a flow chart showing a charging operation in an
clectronic device according to a second embodiment of the
present invention. The electronic device of this embodiment
differs from the above electronic device shown 1 FIG. 1 1n
that the charge current supply circuit 33 of the charging
device 2 1s constructed such that at least one of the charge
voltage, the charge current and the duty 1s varniable and a
control operation of the charge controlling section 31 of the
control IC 30 differs as can be seen 1n FIGS. 6 and 7, and
constructions similar to those of FIG. 1 can be used for the
remaining constructions. In FIG. 7, processings similar and
corresponding to those of FIG. 6 are identified by the same
Step numbers and not described.

What should be noted 1s that the charge current supply
circuit 33 of the charging device 2 1s constructed such that at
least one of the charge voltage, the charge current and the duty
1s variable as described above and 1s reduced as the charging
progresses 1n this embodiment. Specifically, the charge con-
trolling section 31 first starts pulse charge at maximum values
of the charge voltage, the charge current and the duty at the
beginning of the charging operation 1n Step S1, first judges
whether or not the threshold value 1s a maximum value 1n Step
S8 1 the polarization voltage V¢ increases to or above a
mimmum threshold value, e.g. 0.07 V 1n Step S7 and sets a
second largest threshold value, e.g. 0.08 V 1n Step S9 unless
otherwise. Further, 1n Step S9, the charge controlling section
31 reduces at least one of the variable parameters of the
charge voltage, the charge current and the duty, e.g. reduces
the charge current to 40 A and a return 1s made to Step S1.

Inthis way, as the charge progresses, 1t 1s repeated to update
the threshold value and update the variable parameter(s) of
the charge voltage, the charge current and the duty. For
example, 11 the polarization voltage V¢ 1s equal to or above a
threshold voltage in Step S7 (YES 1n Step S8) after the thresh-
old value 1s further increased from 0.09 V up to a maximum
value of 0.1 V and the variable parameter, e.g. the charge
current 1s reduced from 30 A to 20 A set as a minimum value
beforehand, the charge controlling section 31 terminates the
pulse charge.

By employing such a construction, an amount of electric
charges 1njected per unit time decreases after quick charge to
a certain level (SOC) while the deterioration of the secondary
battery 14 caused by the concentration polarization 1s sup-
pressed as described above. In this way, the charge can be
performed up to a charged state nearer to a fully charged state
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than that of the first embodiment although a charging time 1s
longer than 1n the first embodiment (sufficiently shorter as
compared with conventional CCCV charge).

| Third Embodiment]

FIG. 8 15 a flow chart showing a charging operation 1n an
clectronic device according to a third embodiment of the
present invention. The above electronic device constructed as
shown 1 FIG. 1 can be used as the electronic device of this
embodiment, and the control operation of the charge control-
ling section 31 of the control IC 30 only differs as seen 1n
FIGS. 6 and 8. In FIG. 8, processings similar and correspond-
ing to those of FIG. 6 are 1identified by the same Step numbers
and not described.

What should be noted i1s that the polarization voltage V4 1s
detected at a specified timing, €.g. a once 1n every ten pulses
timing 1n Step S11 (YES 1n Step S11) 1n this embodiment.
Upon the detection of the polarization voltage V4, 1t 1s waited
on standby 1n Step S12 for a period equal to or longer than a
polarization elimination time set beforehand as time neces-
sary to eliminate the concentration polarization, whereby
pulse output 1s paused for longer than the polarization elimi-
nation time. The voltage V4 when the concentration polariza-
tion 1s eliminated 1s directly measured 1in Step S2' after the
passage of suflicient time from the previous pulse output and
the passage of at least the polarization elimination time from
the end of the pulse application (1all of the pulse). The polar-
ization elimination time can be, for example, empirically
obtained.

The measurement of the voltage V4 1s not limited to the one
made after the passage of the polarization elimination time
from the end of the pulse application as in the above example.
For example, the cell voltage may be monitored after the end
of the pulse application and the voltage V4 may be measured
when the cell voltage enters a steady state (cell voltage does
not change any longer), whereby the voltage V4 when the
concentration polarization 1s eliminated and the cell voltage
enters the steady state may be measured.

Thereatter, the operation 1s completed if this polarization
voltage V4 increases to or above the threshold voltage 1n Step
S7 and a return 1s made to Step 51 to resume the pulse output
if the polarization voltage V4 1s below the threshold value.
Also in the operation of FIG. 8, a plurality of threshold values
may be provided and at least one of the charge voltage, the
charge current and the duty may be varniable similar to the
operation of FIG. 7.

By employing such a construction, when the non-aqueous
clectrolyte secondary battery 14 including the heat-resistant
layer made of the porous protection film 1s quickly charged at
such a borderline level as not to cause overcharge, a suilicient
pulse 1nterval 1s ensured by extending an interval to the next
pulse. In this way, the voltage V4 1s measured after the con-
centration polarization 1s eliminated and the cell voltage
enters the steady state following the end of the pulse applica-
tion (fall of the pulse), whereby accuracy in detecting the
voltage V4, 1.e. accuracy in detecting a deterioration degree of
the cell can be improved.

| Fourth Embodiment]

FIG. 9 1s a block diagram showing an electrical construc-
tion of an electronic device according to a fourth embodiment
of the present invention. This electronic device 1s similar to
the one shown 1n FIG. 1 and corresponding parts are identified
by the same reference numerals and not described. In FIG. 9,
the load device 3 is not shown.

What should be noted 1s that a charging device 2a just
outputs a direct current without switching the above high
voltage/high current, and a FET 12 (switching element) for
charge switches in a battery pack 1a thereby performing pulse
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charge for a secondary battery 14, and a charge controlling/
judging section 21a of the battery pack 1a judges deteriora-
tion caused by concentration polarization and terminates the
charge.

The charge controlling/judging section 21a functions as a
pulse charging section, a polarization detecting section, a
deterioration detecting section and a pulse changing section,
for example, by implementing a specified control program.

Specifically, the charge controlling/judging section 21a 1n
a control 1IC 18a detects a charge voltage by means of a
Voltage detecting circuit 20 or a current detecting resistor 16
via FE'TS 12, 13, which are ON 1n a normal state, when a
charge current 1s applied between terminals T11, T13. The
charge controlling/judging section 21a causes pulse charge
for the secondary battery 14 by switchung the FET 12 for
charge. The charge controlling/judging section 21a causes
the voltage detecting circuit 20 to detect, during the pulse
charge, at least one of a voltage V2 produced as the concen-
tration polarization progresses and a voltage V4 produced
when the concentration polarization 1s eliminated. If the volt-
age detected by the voltage detecting circuit 20 1s equal to or
above a threshold value of e.g. 0.1 V, the FET 12 1s turned off
to terminate the pulse charge. In this way, the battery pack 1a
1s singly quickly charged with a high current while the dete-
rioration of the secondary battery 14 caused by the concen-
tration polarization 1s suppressed.

Thus, 1n the charging device 2a, a contact switch 34 1s
turned on when the battery pack 1a 1s mounted. A charge
controlling section 31a 1n a control IC 30a causes a charge
current supply circuit 33a to output a direct current without
switching to the above high voltage/high current upon detect-
ing that the contact switch 34 was turned on via an mput/
output circuit 35. If the charge 1s terminated 1n the battery
pack 1a upon the judgment of the concentration polarization,
the charge controlling section 31a detects 1t by means of a
current detecting resistor 36 for detecting a charge current and
an analog-to-digital converter 37 and causes the charge cur-
rent supply circuit 33a to stop the supply of the charge cur-
rent. In such an electronic device, the judgment on the termi-
nation of the charge, a protecting operation 1n response to an
abnormality, the detection of the mounted state of the battery
pack 1a and the like may be performed 1n the battery pack 1a
using the communicating sections 32, 22 shown in FIG. 1.

[F1fth Embodiment]

FI1G. 10 1s a block diagram showing an electrical construc-
tion of an electronic device according to a fifth embodiment
of the present invention. This electronic device 1s similar to
those shown 1n FIGS. 1 and 9 and corresponding parts are
identified by the same reference numerals and not described.
In FIG. 10, the load device 3 1s not shown.

What should be noted 1s that a charging device 26 outputs
a pulse voltage of the above high voltage/high current and
stops this pulse output in a specified cycle. The charging
device 2b detects a voltage V4 obtained as concentration
polarization 1s eliminated by the stop of the pulse output from
a terminal voltage of a battery pack 15 by means of a voltage
detecting circuit 38 and terminates the charge 1 deterioration
1s judged.

Specifically, in the charging device 25, a contact switch 34
1s turned on when the battery pack 15 1s mounted. A charge
controlling section 315 in a control IC 306 causes a charge
current supply circuit 335 to output a pulse of the above high
voltage/high current upon detecting that the contact switch 34
was turned on via an mnput/output circuit 35. The charge
controlling section 315 ensures suilicient pulse intervals by
skipping pulses 1n the specified cycle as described above.
Further, the charge controlling section 315 detects a terminal

10

15

20

25

30

35

40

45

50

55

60

65

14

voltage between terminals T21 and T23 by means of a voltage
detecting circuit 38 to detect the voltage V4 based on this
terminal voltage. The charge controlling section 315 judges
the concentration polarization based on the thus obtained
voltage V4.

In this way, the charging device 26 can singly perform
quick charge with a high current while suppressing the dete-
rioration of the secondary battery 14 caused by the concen-
tration polarization. The terminal voltage of the battery pack
15 1ncludes voltage drops caused by resistance components
of FETs 12, 13 and charge/discharge paths 11, 15, but these
can be thought to be constant 1n a very short period for
detecting a voltage change associated with the elimination of
the concentration polarization. Accordingly, they have no
influence on the measurement of the voltage V4 that moder-
ately decreases by the elimination of the concentration polar-
1zation aiter the pulse application 1s completed.

Here, Japanese Unexamined Patent Publication No. 2000-
19234 discloses technology for estimating a battery capacity
by inputting a low-frequency detection pulse to a secondary
battery, measuring a response voltage signal and comparing a
parameter obtained by analyzing this signal and a parameter
actually obtained beforehand 1n relation to the battery capac-
ity by a real-time discharge method.

However, this conventional technology 1s for estimating
the battery capacity by parameterizing SOC dependency of
DCIR of a battery. The DCIR of the battery free from con-
centration polarization 1s measured by performing a low load
discharge of about 0.1 C for a battery capacity, but a DCIR
change caused by the concentration polarization 1s not sup-
posed. The capacity 1s estimated, but a disclosed charging
method gives no indication on how fast the secondary battery
can be charged and charge 1s thought to be general CCCV
charge. In contrast, the present invention 1s designed to detect
concentration polarization 1n real time from a voltage wave-
form at the time of charge with a high current and suppress
deterioration in order to realize quick charge, and 1s abso-
lutely different.

A non-aqueous electrolyte secondary battery charging
method for charging a non-aqueous electrolyte secondary
battery including a heat-resistant layer between a negative
clectrode and a positive electrode according to one aspect of
the present invention comprises a pulse charging step of per-
forming pulse charge by applying a pulse to the secondary
battery; a polarization detecting step of detecting a change
amount of a cell voltage associated with a change in the
concentration polarization of a non-aqueous electrolyte as a
polarization voltage after the cell voltage 1s changed due to a
voltage drop caused by an internal resistance of the secondary
battery when a charge current flowing 1n the secondary bat-
tery changes as an applied state of the pulse changes; and a
deterioration detecting step of terminating the pulse charge 1f
the polarization voltage detected 1n the polarization detecting
step 1ncreases to or above a predetermined first threshold
value.

The heat-resistant layer 1s preferably a porous protection
f1lm 1ncluding resin binders and 1norganic oxide fillers.

According to this construction, the non-aqueous electro-
lyte secondary battery including the heat-resistant layer (e.g.
heat-resistant layer made of a porous protection film 1nclud-
ing resin binders and inorganic oxide {fillers or the like)
between the negative electrode and the positive electrode 1s
used.

The mventor of the present application found out that the
deterioration of a secondary battery caused by an insulating
coating formed by the precipitation of an positive electrode
active material on a negative electrode could be reduced since
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the transfer of the positive electrode active material eluted
from the positive electrode to the negative electrode 1s hin-
dered by the heat-resistant layer by providing such a heat-
resistant layer. Thus, even in the case of quickly charging the
non-aqueous electrolyte secondary battery with a high cur-
rent of, e.g. 10 C, the transier of the positive electrode active
material to the negative electrode associated with quick
charge 1s hindered by the heat-resistant layer, wherefore a
charging time can be easily shortened by increasing the
charge current while suppressing the deterioration of the non-
aqueous electrolyte secondary battery.

As for deterioration caused when the concentration of
lithium 10ns dissolved 1n an electrolyte becomes lower at a
positive electrode side and higher at a negative electrode side
and lithium, which cannot enter a negative electrode, precipi-
tates on the surface of the negative electrode at the negative
clectrode side where the concentration 1s higher, 1.e. deterio-
ration caused by the concentration polarization of a non-
aqueous electrolyte, a degree of such concentration polariza-
tion 1s monitored and the charge i1s terminated before the
precipitation of the positive electrode active material on the
negative electrode progresses upon detecting a certain level or
more of the progress of the concentration polarization,
whereby 1t 1s possible to suppress the precipitation of the
positive electrode active material on the negative electrode
and reduce the deterioration of the secondary battery.

Since the concentration polarization itself cannot be
directly detected, the change amount of the cell voltage asso-
ciated with the change 1n the concentration polarization 1s
detected as the polarization voltage and the degree of the
concentration polarization 1s indirectly judged using the
polarization voltage. Accordingly, pulse charge 1s performed
and the degree of deterioration caused by the concentration
polarization 1s judged from a change in the cell voltage at the
time of starting or completing pulse application, 1.e. when an
applied state of the pulse changes. Specifically, after the cell
voltage suddenly increases up to a voltage determined by the
charge current and the internal resistance upon the applica-
tion of a charge pulse to the secondary battery, the cell voltage
1s maintained i1f the concentration polarization 1s absent.
However, i the concentration polarization progresses, the
concentration of the electrolyte at the negative electrode side
increases by lithium ions having migrated to the negative
clectrode side and a resistance value of the electrolyte
increases to increase the cell voltage.

In contrast, at the time of completing the application of the
charge pulse to the secondary battery, after the cell voltage
suddenly decreases by a voltage produced as a voltage drop
when the charge current flows through the internal resistance,
the cell voltage 1s maintained at this level if the concentration
polarization was absent at the time of starting the pulse appli-
cation. However, 1f the concentration polarization was
present, lithium 1ons having migrated to the negative elec-
trode side are diffused to reduce the concentration of the
clectrolyte at the negative electrode side and the resistance
value of the electrolyte decreases to reduce the cell voltage as
the concentration polarization 1s eliminated. Accordingly, a
voltage change caused by the elimination of the concentration
polarization 1s detected by detecting a voltage change caused
by the progress of the concentration polarization (or after a
suificient pulse interval 1s ensured, for example, by skipping
the next pulse), and the pulse charge 1s terminated, for
example, i at least one of these detected voltage changes
increases to or above a predetermined threshold value.

In this way, the deterioration of the secondary battery
caused by the precipitation of the positive electrode active
material on the negative electrode due to the concentration
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polarization can be reduced. Further, even 1f concentration
polarization occurs because the secondary battery 1s quickly
charged with a high current, the charge 1s terminated before
the concentration polarization progress to a certain degree or
more. Thus, a possibility of the precipitation of the positive
clectrode active material on the negative electrode 1s reduced,
with the result that the charging time can be easily shortened
by quickly charging the non-aqueous electrolyte secondary
battery at such a borderline level as not to cause overcharge
while reducing the deterioration of the non-aqueous electro-
lyte secondary battery.

The polarization detecting step 1s preferably a step of
detecting a difference between a cell voltage of the secondary
battery when the pulse 1s applied to the secondary battery and
a cell voltage upon entering a steady state reached by an
increase of the cell voltage after the application of the pulse as
the polarization voltage associated with the progress of the
concentration polarization of the non-aqueous electrolyte.

According to this construction, 1f a pulse 1s applied to the
secondary battery, a charge current flows 1n the secondary
battery and a voltage drop 1nstantaneously occurs due to the
internal resistance of the secondary battery, whereby the cell
voltage increases. Thereafter, the cell voltage gradually
increases as the concentration polarization gradually
progresses, and the cell voltage enters the steady state when
the progress of the concentration polarization stops. Accord-
ingly, by obtaining the difference between the cell voltage
instantaneously produced when the pulse was applied to the
secondary battery and the cell voltage upon entering the
steady state reached after the subsequent increase of the cell
voltage, the polarization voltage associated with the progress
of the concentration polarization of the non-aqueous electro-
lyte can be detected.

In the polarization detecting step, a diflerence between a
first cell voltage, which 1s the cell voltage of the secondary
battery when the pulse application to the secondary battery 1s
completed, and a second cell voltage, which 1s the cell voltage
upon entering a steady state reached by a decrease of the cell
voltage after the pulse application 1s completed, may be
detected as the polarization voltage associated with the elimi-
nation of the concentration polarization of the non-aqueous
clectrolyte.

According to this construction, when the pulse application
to the secondary battery 1s completed, the charge current
flowing in the secondary battery becomes substantially zero
and the cell voltage drops by as much as a voltage drop
instantaneously caused by the internal resistance of the sec-
ondary battery to reach the first cell voltage. Thereatter, the
cell voltage gradually decreases as the concentration polar-
ization 1s gradually eliminated, and the cell voltage enters the
steady state at the second cell voltage when the concentration
polarization 1s completely eliminated. Accordingly, by
obtaining the difference between the cell voltage reached by
an instantaneous drop when the pulse application to the sec-
ondary battery was completed and the cell voltage upon enter-
ing the steady state reached after the subsequent decrease of
the cell voltage, the polarization voltage associated with the
climination of the concentration polarization of the non-aque-
ous electrolyte can be detected.

When the charge pulse 1s applied to the secondary battery,
the secondary battery i1s charged by the charge pulse to
increase an OCV (open circuit voltage) of the secondary
battery. Thus, the polarization voltage associated with the
progress ol the concentration polarization obtained as
described above includes an increase of the cell voltage asso-
ciated with the charge. On the other hand, when the pulse
application to the secondary battery 1s completed, the cell
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voltage 1s not changed by the charge and the polarization
voltage associated with the elimination of the concentration
polarization obtained as described above does not include a
change of the OCV associated with the charge, wherefore
accuracy 1n detecting the polarization voltage can be
improved.

The polanization detecting step i1s preferably a step of
detecting the cell voltage after the lapse of a time equal to or
longer than a polarization elimination time set beforehand as
a time necessary to eliminate the concentration polarization
alter the detection of the first cell voltage as the second cell
voltage.

According to this construction, upon the lapse of the time
equal to or longer than the polarization elimination time after
the detection of the first cell voltage following the completion
ol the pulse application to the secondary battery, the concen-
tration polarization 1s completely eliminated and the cell volt-
age enters the steady state. Therefore, the cell voltage upon
entering the steady state reached by the decrease of the cell
voltage can be easily detected as the second cell voltage.

The pulse charging step 1s preferably a step of extending a
pulse interval to or longer than the polarization elimination
time when the polarization voltage 1s detected 1n the polar-
ization detecting step while performing the pulse charge by
applying the pulse to the secondary battery in a specified
cycle.

According to this construction, a possibility of being
unable to correctly detect the second cell voltage because the
next pulse 1s applied to the secondary battery before the
concentration polarization 1s completely eliminated after the
pulse application to the secondary battery 1s completed 1s
reduced.

The above step of detecting the voltage change caused by
the change 1n the concentration polarization 1s a step of
detecting a voltage change caused by the progress of the
concentration polarization of the non-aqueous electrolyte
alter the cell voltage 1s increased by the charge current and the
internal resistance upon the pulse application and includes a
step of detecting a voltage change caused by the elimination
of the concentration polarization of the non-aqueous electro-
lyte after the cell voltage decreases by a voltage drop caused
by the charge current and the internal resistance upon com-
pleting the pulse application and a step of correcting the
threshold value using the voltage change caused by the elimi-
nation of the concentration polarization.

According to the above construction, upon judging the
degree of deterioration caused by the concentration polariza-
tion of the non-aqueous electrolyte, a change of an OCV
(open circuit voltage) associated with the charge 1s included
when the voltage increases due to the progress of the concen-
tration polarization, whereas no change of the OCV 1s
included when the voltage decreases due to the elimination of
the concentration polarization (diffusion) appearing aiter the
cell voltage suddenly decreases by the voltage drop caused by
the charge current and the internal resistance upon complet-
ing the pulse application and, hence, accurate judgment can
be made.

Thus, by correcting the threshold value using the voltage
change at the time of eliminating the concentration polariza-
tion (diffusion), the termination of the pulse charge can be
more accurately judged.

The polarization detecting step preferably includes a step
of detecting a difference between the cell voltage of the sec-
ondary battery when the pulse 1s applied to the secondary
battery and the cell voltage upon entering a steady state by an
increase of the cell voltage after the pulse application as a
voltage a.; a step of calculating an accumulated polarization
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voltage Vca produced by the concentration polarization
caused by one previous pulse in accordance with the follow-
ing equation (a) 1f A denotes a polarization relaxation coeifi-
cient set beforehand as an inclination of a voltage curve of the
cell voltage when the concentration polarization 1s elimi-
nated, B a first cell voltage, which 1s the cell voltage of the
secondary battery when the pulse application to the second-
ary battery 1s completed and T a time {from the end of one
previous pulse application to the start of the pulse application
this time; and a step of calculating the polarization voltage V¢
in accordance with the following equation (b) if V¢ denotes
the polarization voltage.

Vea=B-A-T (a)

Ve=a+Vea

(b)

According to this construction, the difference between the
cell voltage of the secondary battery when the pulse 1s applied
to the secondary battery and the cell voltage upon entering the
steady state by the increase of the cell voltage after the pulse
application 1s detected as the voltage a. Then, the accumu-
lated polarization voltage Vca produced by the remaining
concentration polarization caused by the one previous pulse 1s
calculated in accordance with equation (a). Further, since the
polarization voltage V¢ 1s obtained by correcting the voltage
a. 1n accordance with the accumulated polarization voltage
Vca and equation (b), accuracy 1n detecting the polarization
voltage can be more improved than in the case of directly
obtaining the polarization voltage associated with the
progress of the concentration polarization as the voltage c.

It 1s preferable to further comprise a pulse changing step of
reducing at least one of a charge voltage, a charge current and
a pulse width 1n the pulse charging step 1f the polarization
voltage detected 1n the polarization detecting step increases to
or above a second threshold value set to a voltage value
smaller than the first threshold value.

According to this construction, at least one of the charge
voltage, charge current and pulse width of the charge pulse 1s
reduced when the polarization voltage increases to or above
the second threshold value, 1.e. the concentration polarization
of the secondary battery progresses. Therefore, the progress
ol the deterioration caused by the concentration polarization
of the secondary battery 1s reduced.

It 1s preferable that a plurality of second threshold values
are provided; and that the pulse changing step i1s a step of
reducing at least one of the charge voltage, charge current and
pulse width every time the polarization voltage detected in the
polarization detecting step increases to or above each second
threshold value 1n an 1ncreasing process.

According to this construction, since at least one of the
charge voltage, the charge current and the pulse width gradu-
ally decreases as the polarization voltage increases with the
progress of the concentration polarization of the secondary
battery, a charging condition can be finely changed according
to the degree of the concentration polarization of the second-
ary battery. As a result, a possibility of excessively increasing
the charging time by excessively reducing a charging charge
amount per unit time can be reduced.

There may be further provided a step of terminating the
pulse charge as described above when the polarization volt-
age 1ncreases 1o or above a maximum one of a plurality of
threshold values and reducing at least one of the charge volt-
age, the charge current and the pulse width every time the
polarization voltage increases to or above each threshold
value below the maximum threshold value.

According to the above construction, after quick charge 1s
performed up to a certain level (SOC) while the deterioration
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of the secondary battery caused by the concentration polar-
1zation 1s suppressed as described above, an amount of elec-
tric charges injected per unit time decreases and the charging
time becomes longer (sulliciently shorter as compared with
conventional CCCYV charge), but the secondary battery can be
nearly fully charged.

The first threshold value 1s preferably 0.1 V per cell.

According to this construction, even if any one of a pulse
ON time, a pulse cycle and a duty 1s arbitrarily changed, a
cycle characteristic 1s suddenly deteriorated i1 the resulting
polarization voltage increases to or above 0.1 V per cell.
Theretore, 0.1 V per cell 1s preferable as a threshold value.

Further, 1t 1s preferable that a maximum value of the volt-
age of the pulse 1s 4.5 V; that a maximum value of the current
thereot 1s 50 A; that a maximum value of a pulse width 1s 1
sec; that a mimimum value of a pulse cycle 1s 3 sec; and that a
maximum value of a pulse duty 1s 33%.

According to this construction, the polarization voltage can
be suppressed to about 0.1 V per cell.

An electronic device according to one aspect of the present
invention comprises a battery pack including a non-aqueous
clectrolyte secondary battery having a heat-resistant layer
between a positive electrode and a negative electrode; a
charging device including a charge current supplying section
and a charge controlling section for charging the secondary
battery; and a load device to be driven by the secondary
battery, wherein the battery pack includes a voltage detecting
section for detecting a cell voltage of the secondary battery
and a transmitting section for transmitting a detection result
of the voltage detecting section to the charging device; the
charging device includes a recerving section for recerving the
cell voltage from the transmitting section; and the charge
controlling section includes a pulse charging section for per-
forming pulse charge by applying a pulse to the secondary
battery by means of the charge current supplying section, a
polarization detecting section for causing the receiving sec-
tion to recerve the cell voltage detected by the voltage detect-
ing section and detecting a change amount of the cell voltage
received by the receiving section associated with a change in
concentration polarization of a non-aqueous electrolyte as a
polarization voltage after the cell voltage recetved by the
receiving section 1s changed due to a voltage drop caused by
an 1nternal resistance of the secondary battery when a charge
current flowing in the secondary battery changes as an applied
state of the pulse changes, and a deterioration detecting sec-
tion for terminating the pulse charge by the pulse charging
section 11 the polarization voltage detected by the polarization
detecting section increases to or above a predetermined first
threshold value.

An electronic device according to one aspect of the present
invention comprises a battery pack including a non-aqueous
clectrolyte secondary battery having a heat-resistant layer
between a positive electrode and a negative electrode; a
charging device including a charge current supplying section
and a charge controlling section for charging the non-aqueous
clectrolyte secondary battery; and a load device to be driven
by the non-aqueous electrolyte secondary battery, wherein
the battery pack includes a voltage detecting section for
detecting a cell voltage and a transmitting section for trans-
mitting a detection result of the voltage detecting section to
the charging device; the charging device includes a recerving,
section for receiving the cell voltage from the transmitting
section; and the charge controlling section causes the charge
current supplying section to perform pulse charge, recerves a
cell voltage detected by the voltage detecting section upon the
application of the pulse, and causes the charge current sup-
plying section to terminate the pulse charge if at least one of

10

15

20

25

30

35

40

45

50

55

60

65

20

a voltage change associated with the progress of concentra-
tion polarization of the non-aqueous electrolyte appearing
alter an increase of the cell voltage by as much as a voltage
change caused by a charge current and an internal resistance
and a voltage change associated with the elimination of the
concentration polarization of the non-aqueous electrolyte
alter a decrease of the cell voltage by as much as a voltage
change caused by the charge current and the internal resis-
tance upon the completion of the pulse application increases
to or above a predetermined threshold value.

According to this construction, upon quickly charging a
non-aqueous electrolyte secondary battery including a heat-
resistant layer arranged between a negative electrode and a
positive electrode and made of a porous protection {ilm or the
like 1including resin binders and inorganic oxide fillers with
such a high current of e.g. 10 C, deterioration caused by
overcharge can be prevented 1n such a secondary battery by
blocking an eluted positive electrode active material by
means of the heat-resistant layer made of the porous protec-
tion {ilm or the like. Accordingly, 1n order to quickly charge
this non-aqueous electrolyte secondary battery at such a bor-
derline level as not to cause overcharge, deterioration caused
by concentration polarization of a non-aqueous electrolyte
may be monitored and, 1n the present invention, pulse charge
1s performed on the non-aqueous electrolyte secondary bat-
tery of the battery pack by the charge current supplying sec-
tion of the charging device, a change of the cell voltage 1n
response to the application of a pulse voltage 1s detected by
the voltage detecting section of the battery pack and trans-
mitted to the recerving section of the charging device by the
transmitting section of the battery pack, and a degree of
deterioration caused by the concentration polarization 1is
judged by the charge controlling section from the change of
the cell voltage 1n response to the voltage application during
the pulse charge.

Specifically, after the cell voltage suddenly increases to the
voltage determined by the charge current and the internal
resistance upon the pulse application, this voltage 1s main-
tained 11 no concentration polarization is present. However, 1
the concentration polarization progresses, the concentration
of the electrolyte at a negative electrode side increases due to
lithium 10ns having migrated to the negative electrode side
and resistance increases to increase the cell voltage. Accord-
ingly, the charge controlling section detects the voltage
change associated with the progress of the concentration
polarization and terminates the pulse charge 11 the voltage
change increases to or above the predetermined threshold
value. In addition or alternatively, at the time of completing
the pulse application, after the cell voltage suddenly
decreases by as much as a voltage determined by the charge
current and the internal resistance, this voltage 1s maintained
if no concentration polarization was 1itially present at the
time of starting the pulse application. If the concentration
polarization was present, lithium 1ons having migrated to the
negative electrode side are diffused to reduce the concentra-
tion of the electrolyte at the negative electrode side and the
resistance decreases to reduce the cell voltage as the concen-
tration polarization 1s eliminated. Thus, after causing the
charge current supplying section to ensure a suificient pulse
interval, for example, by skipping the next pulse, the charge
controlling section detects a voltage change caused by the
climination of the concentration polarization, and terminates
the pulse charge 11 the detected voltage change increases to or
above the predetermined threshold value.

Accordingly, the secondary battery can be quickly charged
with a high current while the deterioration thereof caused by
the concentration polarization 1s suppressed. Further, upon
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judging a degree of deterioration caused by the concentration
polarization of the non-aqueous electrolyte, a change of an
OCYV (open circuit voltage) associated with the charge 1s
included when the voltage increases due to the pulse applica-
tion, whereas no change of the OCV 1s included when the
voltage decreases due to the completion of the pulse applica-
tion and, hence, accurate judgment can be made.

A battery pack according to one aspect of the present
invention comprises a non-aqueous electrolyte secondary
battery including a heat-resistant layer between a positive
clectrode and a negative electrode; a voltage detecting section
for detecting a cell voltage of the secondary battery; a switch-
ing element for switching a charge current from an externally
connected charging device, thereby applying a pulse to the
secondary battery to perform pulse charge; a polarization
detecting section for detecting a change amount of the cell
voltage associated with a change 1n concentration polariza-
tion of the non-aqueous electrolyte as a polarization voltage
based on the cell voltage detected by the voltage detecting,
section after the cell voltage 1s changed due to a voltage drop
caused by an internal resistance ol the secondary battery
when a charge current flowing in the secondary battery
changes as an applied state of the pulse changes; and a dete-
rioration detecting section for stopping the switching of the
switching element to terminate the pulse charge 11 the polar-
1zation voltage detected by the polarization detecting section
increases to or above a predetermined first threshold value.

Further, a battery pack according to one aspect of the
present ivention comprises a non-aqueous electrolyte sec-
ondary battery including a heat-resistant layer between a
positive electrode and a negative electrode; a voltage detect-
ing section for detecting a cell voltage of the secondary bat-
tery; a switching element for switching a charge current from
a charging device, thereby performing pulse charge on the
secondary battery to perform pulse charge; and a charge con-
trolling section for monitoring the cell voltage detected by the
voltage detecting section and stopping the switching of the
switching element to terminate the pulse charge if at least one
of a voltage change caused by the progress of concentration
polarization of the non-aqueous electrolyte appearing after an
increase of the cell voltage up to a voltage determined by a
charge current and an internal resistance upon the pulse appli-
cation and a voltage change caused by the elimination of the
concentration polarization of the non-aqueous electrolyte
alter a decrease of the cell voltage by as much as a voltage
determined by the charge current and the internal resistance
increases to or above a predetermined threshold value.

According to this construction, upon quickly charging a
non-aqueous electrolyte secondary battery including a heat-
resistant layer arranged between a negative electrode and a
positive electrode and made of a porous protection film or the
like 1ncluding resin binders and inorganic oxide fillers with
such a high current of e.g. 10 C, deterioration caused by
overcharge can be prevented 1n such a secondary battery by
blocking an eluted positive electrode active material by
means of the heat-resistant layer made of the porous protec-
tion film or the like. Accordingly, 1n order to quickly charge
this non-aqueous electrolyte secondary battery at such a bor-
derline level as not to cause overcharge, deterioration caused
by concentration polarization of a non-aqueous electrolyte
may be monitored and, 1n the present invention, 1t 1s suificient
for the charging device only to supply the high current, the
switching element switches the charge current 1n the battery
pack to perform the pulse charge on the non-aqueous electro-
lyte secondary battery, a change of the cell voltage inresponse
to the application of a pulse voltage 1s detected by the voltage
detecting section, and a degree of deterioration caused by the
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concentration polarization 1s judged by the charge controlling
section from the change of the cell voltage 1n response to the
voltage application during the pulse charge.

Specifically, after the cell voltage suddenly increases to the
voltage determined by the charge current and the internal
resistance upon the pulse application, this voltage 1s main-
tained 11 no concentration polarization 1s present. However, 1
the concentration polarization progresses, the concentration
of the electrolyte at a negative electrode side increases due to
lithium 1ons having migrated to the negative electrode side
and a resistance increases to icrease the cell voltage. Accord-
ingly, the charge controlling section detects the voltage
change associated with the progress of the concentration
polarization and stops the switching of the switching element
to terminate the pulse charge i1 the voltage change increases
to or above the predetermined threshold value. In addition or
alternatively, at the time of completing the pulse application,
alter the cell voltage suddenly decreases by as much as a
voltage determined by the charge current and the internal
resistance, this voltage 1s maintained 1f no concentration
polarization was 1nitially present at the time of starting the
pulse application. If the concentration polarization was
present, lithium 1ons having migrated to the negative elec-
trode side are diffused to reduce the concentration of the
clectrolyte at the negative electrode side and the resistance
decreases to reduce the cell voltage as the concentration
polarization 1s eliminated. Thus, after ensuring a sufficient
pulse interval, for example, by pausing the switching of the
switching element, the charge controlling section detects a
voltage change caused by the elimination of the concentration

polarization and terminates the pulse charge 1f the detected
voltage change increases to or above the predetermined
threshold value.

Accordingly, the secondary battery can be quickly charged
with a high current while the deterioration thereof caused by
the concentration polarization 1s suppressed. Further, upon
judging a degree of deterioration caused by the concentration
polarization of the non-aqueous electrolyte, a change of an
OCYV (open circuit voltage) associated with the charge 1s
included when a sharing voltage increases due to the pulse
application, whereas no change of the OCV 1s included when
the voltage decreases due to the completion of the pulse
application and, hence, accurate judgment can be made.

Further, a charging device according to one aspect of the
present invention comprises a charge current supplying sec-
tion for charging a battery pack including a non-aqueous
clectrolyte secondary battery having a heat-resistant layer
between a negative electrode and a positive electrode; a
charge controlling section for controlling the charge current
supplying section; and a voltage detecting section for detect-
ing a terminal voltage of the battery pack, wherein the charge
controlling section includes a pulse charging section for per-
forming pulse charge by applying a pulse to the secondary
battery by means of the charge current supplying section, a
polarization detecting section for detecting a voltage change
amount associated with a change in concentration polariza-
tion of the non-aqueous electrolyte as a polarization voltage
based on the cell voltage detected by the voltage detecting
section after the cell voltage 1s changed due to a voltage drop
caused by an internal resistance of the secondary battery
when a charge current flowing in the secondary battery
changes as an applied state of the pulse changes, and a dete-
rioration detecting section for terminating the pulse charge by
the pulse charging section if the polarization voltage detected
by the polarization detecting section increases to or above a
predetermined first threshold value.
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Furthermore, a charging device according to one aspect of
the present invention for charging a battery pack including a
non-aqueous electrolyte secondary battery having a heat-re-
sistant layer between a negative electrode and a positive elec-
trode comprises a charge current supplying section; a charge
controlling section; and a voltage detecting section for detect-
ing a terminal voltage of the battery pack, wherein the charge
controlling section monitors the terminal voltage detected by
the voltage detecting section upon the application of a pulse
while causing the charge current supplying section to perform
pulse charge on the secondary battery, and causes the charge
current supplying section to terminal the pulse charge 1f a
sharing voltage caused by the elimination of concentration
polarization of the non-aqueous electrolyte increases to or
above a predetermined threshold value after the terminal volt-
age decreases by as much as a voltage determined by a charge
current and an 1nternal resistance upon the completion of the
pulse application.

According to this construction, upon quickly charging a
non-aqueous electrolyte secondary battery including a heat-
resistant layer made of a porous protection film or the like
including resin binders and inorganic oxide fillers and
arranged between a negative electrode and a positive elec-
trode with such a high current of e.g. 10 C, deterioration
caused by overcharge can be prevented in such a secondary
battery by blocking an eluted positive electrode active mate-
rial by means of the heat-resistant layer made of the porous
protection film or the like. Accordingly, 1n order to quickly
charge this non-aqueous electrolyte secondary battery at such
a borderline level as not to cause overcharge, deterioration
caused by concentration polarization of a non-aqueous elec-
trolyte may be monitored and, in the present invention, the
charge current supplying section of the charging device per-
forms the pulse charge on the non-aqueous electrolyte sec-
ondary battery of the battery pack, the voltage detecting sec-
tion detects the change of the terminal voltage of the battery
pack 1n response to the application of a pulse voltage and the
charge controlling section judges a degree of deterioration
caused by the concentration polarization from the change of
the terminal voltage 1n response to the voltage application
during the pulse charge.

Specifically, atter the cell voltage suddenly increases to the
voltage determined by the charge current and the internal
resistance upon the pulse application, this voltage 1s main-
tained 11 no concentration polarization 1s present. However, if
the concentration polarization progresses, the concentration
of the electrolyte at a negative electrode side increases due to
lithium 1ons having migrated to the negative electrode side
and a resistance increases to increase the cell voltage. On the
other hand, at the time of completing the pulse application,
alter the cell voltage suddenly decreases by as much as a
voltage determined by the charge current and the internal
resistance, this voltage 1s maintained if no concentration
polarization was 1nitially present at the time of starting the
pulse application. If the concentration polarization was
present, lithium 1ons having migrated to the negative elec-
trode side are diffused to reduce the concentration of the
clectrolyte at the negative electrode side and the resistance
decreases to reduce the cell voltage as the concentration
polarization 1s eliminated. Thus, after ensuring a suificient
pulse interval, for example, by causing the charge current
supplying section to skip the next pulse, the charge control-
ling section detects a voltage change caused by the elimina-
tion of the concentration polarization from the terminal volt-
age of the battery pack and terminates the pulse charge 11 the
detected voltage change increases to or above the predeter-
mined threshold value.
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Accordingly, the secondary battery can be quickly charged
with a high current while the deterioration thereof caused by
the concentration polarization 1s suppressed. Further, upon
judging a degree of deterioration caused by the concentration
polarization of the non-aqueous electrolyte, a change of an
OCYV (open circuit voltage) associated with the charge i1s
included when the voltage increases due to the application of
the pulse voltage, whereas no change of the OCV 1s included
when the voltage decreases due to the completion of the pulse
application and, hence, accurate judgment can be made.

As described above, upon charging a non-aqueous electro-
lyte secondary battery including a heat-resistant layer
arranged between a negative electrode and a positive elec-
trode and made of a porous protection film including resin
binders and mnorganic oxide fillers and resistant to overvolt-
age and overcurrent, pulse charge 1s performed as an opera-
tion of a battery pack, an operation of a charging device or a
cooperative operation of the battery pack and the charging
device, a degree of concentration polarization 1s judged from
a voltage change at least either during the progress of the
concentration polarization or during the elimination of the
concentration polarization, and the pulse charge 1s performed
with high voltage/high current until a specified threshold
value 1s reached. Therefore, 1t becomes easy to quite effec-
tively perform quick charge on the secondary battery as
described above.

What 1s claimed 1s:

1. A charging method for charging a non-aqueous electro-
lyte secondary battery, the method comprising;:

a pulse charging step of performing pulse charge by apply-

ing a pulse to a secondary battery;

a polarization detecting step of detecting a change amount
of a cell voltage associated with a change 1n the concen-
tration polarization of a non-aqueous electrolyte as a
polarization voltage after the cell voltage 1s changed due
to a voltage drop caused by an internal resistance of the
secondary battery when a charge current flowing in the
secondary battery changes as an applied state of the
pulse changes; and

a deterioration detecting step of terminating the pulse
charge 11 the polanization voltage detected 1n the polar-
1zation detecting step increases to or above a predeter-
mined first threshold value, wherein:

the polarization detecting step includes a step of detecting
a difference between a first cell voltage, which 1s the cell
voltage of the secondary battery when the pulse appli-
cation to the secondary battery 1s completed, and a sec-
ond cell voltage, which 1s the cell voltage upon entering
a steady state reached by a decrease of the cell voltage
after the pulse application 1s completed as the polariza-
tion voltage associated with the elimination of the con-
centration polarization of the non-aqueous electrolyte,
and a step of detecting the cell voltage after the lapse of
a time equal to or longer than a polarization elimination
time set beforehand as a time necessary to eliminate the
concentration polarization after the detection of the first
cell voltage as the second cell voltage, and

the pulse charging step includes a step of extending a pulse
interval to or longer than the polarization elimination
time when the polarization voltage 1s detected in the
polarization detecting step while performing the pulse
charge by applying the pulse to the secondary battery 1n
a specified cycle, the polarization elimination time being
longer than a time period during which the pulse output
1s paused 1n the specified cycle.

2. A charging method for charging a non-aqueous electro-

lyte secondary battery, the method comprising:
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a pulse charging step of performing pulse charge by apply-
ing a pulse to a secondary battery;

a polarization detecting step of detecting a change amount
of a cell voltage associated with a change 1n the concen-
tration polarization of a non-aqueous electrolyte as a
polarization voltage after the cell voltage 1s changed due
to a voltage drop caused by an internal resistance of the
secondary battery when a charge current flowing in the
secondary battery changes as an applied state of the
pulse changes; and

a deterioration detecting step of terminating the pulse
charge 11 the polarization voltage detected 1n the polar-
1zation detecting step increases to or above a predeter-
mined first threshold value, wherein the polarization
detecting step includes:

a step of detecting a difference between the cell voltage of
the secondary battery when the pulse 1s applied to the
secondary battery and the cell voltage upon entering a
steady state by an increase of the cell voltage after the
pulse application as a voltage «.;

a step of calculating an accumulated polarization voltage
Vca produced by the concentration polarization caused
by one previous pulse 1n accordance with the following
equation (a) 1f A denotes a polarization relaxation coet-
ficient set beforehand as an inclination of a voltage curve
ol the cell voltage when the concentration polarization s
climinated, B a first cell voltage, which 1s the cell voltage
of the secondary battery when the pulse application to
the secondary battery 1s completed and T a time from the
end of one previous pulse application to the start of the
pulse application this time; and

a step of calculating the polarization voltage V¢ 1n accor-
dance with the following equation (b) 11 V¢ denotes the
polarization voltage:

Vea=B-A-T (a)

Ve=a+Vea (b).

3. An electronic device, comprising:

a battery pack including secondary battery;

a charging device including a charge current supplying
section and a charge controlling section for charging the
secondary battery; and

a load device to be driven by the secondary battery,

wherein:

the battery pack includes a voltage detecting section for
detecting a cell voltage of the secondary battery and a
transmitting section for transmitting a detection result of
the voltage detecting section to the charging device,

the charging device includes a recerving section for recerv-
ing the cell voltage from the transmitting section,

the charge controlling section includes:

a pulse charging section for performing pulse charge by
applving a pulse to the secondary battery by means of
the charge current supplying section;

a polarization detecting section for causing the receiving
section to receive the cell voltage detected by the
voltage detecting section and detecting a change
amount of the cell voltage recerved by the receiving
section associated with a change i1n concentration
polarization of a non-aqueous electrolyte as a polar-
1zation voltage after the cell voltage received by the
receving section 1s changed due to a voltage drop
caused by an internal resistance of the secondary bat-
tery when a charge current tlowing 1n the secondary
battery changes as an applied state of the pulse
changes; and
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a deterioration detecting section for terminating the
pulse charge by the pulse charging section 11 the polar-
1zation voltage detected by the polarization detecting

section increases to or above a predetermined first
threshold value,
the polarization detecting section:

detects a difference between the cell voltage of the sec-
ondary battery when the pulse 1s applied to the sec-
ondary battery and the cell voltage upon entering a
steady state by an increase of the cell voltage after the
pulse application as a voltage .;

calculates an accumulated polarization voltage Vca pro-
duced by the concentration polarization caused by
one previous pulse in accordance with the following
equation (a) when A denotes a polarization relaxation
coellicient set beforehand as an inclination of a volt-
age curve of the cell voltage when the concentration
polarization 1s eliminated, B denotes a first cell volt-
age, which 1s the cell voltage of the secondary battery
when the pulse application to the secondary battery 1s
completed and T denotes a time from the end of one
previous pulse application to the start of the pulse
application this time; and

calculates the polarization voltage V¢ in accordance
with the following equation (b) when V¢ denotes the
polarization voltage:

Vea=B-A-T (a)

Ve=a+Vea (b).

4. A battery pack, comprising:
a non-aqueous electrolyte secondary battery;
a voltage detecting section for detecting a cell voltage of
the secondary battery;
a switching element for switching a charge current from an
externally connected charging device, thereby applying
a pulse to the secondary battery to perform pulse charge;
a polarization detecting section for detecting a change
amount of the cell voltage associated with a change 1n
concentration polarization of the non-aqueous electro-
lyte as a polarization voltage based on the cell voltage
detected by the voltage detecting section after the cell
voltage 1s changed due to a voltage drop caused by an
internal resistance of the secondary battery when a
charge current tflowing 1n the secondary battery changes
as an applied state of the pulse changes; and
a deterioration detecting section for stopping the switching
of the switching element to terminate the pulse charge 1f
the polarization voltage detected by the polarization
detecting section increases to or above a predetermined
first threshold value,
wherein the polarization detecting section:
detects a difference between the cell voltage of the sec-
ondary battery when the pulse 1s applied to the sec-
ondary battery and the cell voltage upon entering a
steady state by an increase of the cell voltage after the
pulse application as a voltage .;
calculates an accumulated polarization voltage Vca pro-
duced by the concentration polarization caused by
one previous pulse in accordance with the following
equation (a) when A denotes a polarization relaxation
coellicient set beforehand as an inclination of a volt-
age curve of the cell voltage when the concentration
polarization 1s eliminated, B denotes a first cell volt-
age, which 1s the cell voltage of the secondary battery
when the pulse application to the secondary battery 1s
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completed and T denotes a time from the end of one
previous pulse application to the start of the pulse
application this time; and

calculates the polarization voltage V¢ in accordance
with the following equation (b) when V¢ denotes the
polarization voltage:

Vea=B—-A-T (a)

Ve=a+Vea (b).

5. A charging device, comprising:

a charge current supplying section for charging a battery
pack including a non-aqueous electrolyte secondary bat-
tery;,

a charge controlling section for controlling the charge cur-
rent supplying section; and

a voltage detecting section for detecting a terminal voltage
of the battery pack, wherein the charge controlling sec-
tion including:

a pulse charging section for performing pulse charge by

applying a pulse to the secondary battery by means of

the charge current supplying section;
a polarization detecting section for detecting a voltage

change amount associated with a change 1n concen-
tration polarization of the non-aqueous electrolyte as
a polarization voltage based on the cell voltage
detected by the voltage detecting section after the cell
voltage 1s changed due to a voltage drop caused by an
internal resistance of the secondary battery when a
charge current tflowing in the secondary battery
changes as an applied state of the pulse changes; and

10

15

20

25

30

28

a deterioration detecting section for terminating the

pulse charge by the pulse charging section 11 the polar-
1zation voltage detected by the polarization detecting

section increases to or above a predetermined first
threshold value, and

the polarization detecting section:
detects a difference between the cell voltage of the sec-

ondary battery when the pulse 1s a lied to the secondar
batter and the cell voltage e on entering a stead state b

an 1ncrease of the cell voltage after the pulse applica-
tion as a voltage o;

calculates an accumulated polarization voltage Vca pro-

duced by the concentration polarization caused by
one previous pulse 1n accordance with the following
equation (a) when A denotes a polarization relaxation
coellicient set beforehand as an inclination of a volt-
age curve of the cell voltage when the concentration
polarization 1s eliminated, B denotes a first cell volt-
age, which 1s the cell voltage of the secondary battery
when the pulse application to the secondary battery 1s
completed and T denotes a time from the end of one
previous pulse application to the start of the pulse
application this time; and

calculates the polarization voltage V¢ in accordance

with the following equation (b) when V¢ denotes the
polarization voltage:

Vea=B-A-T (a)

Ve=a+Vea (b).
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